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Modeling	δ18Omelt	during	Closed	System	Fractional	Crystallization	
	
In	this	supplement,	we	describe	our	model	for	calculating	the	changes	in	δ18Omelt	during	
fractional	crystallization.	For	the	readers’	convenience,	we	have	also	provided	an	Excel	
spreadsheet	including	example	model	calculations	for	the	liquid	line	of	descent	(LLD)	
constrained	through	the	experiments	of	Nandedkhar	et	al.,	(2014).	This	model	is	applicable	to	
any	LLD	for	which	the	following	parameters	are	known:	
1) Melt	fractions		
2) Melt	composition	at	each	remaining	melt	fraction	
3) Mass	percent	of	crystallizing	cumulate	for	each	crystallizing	mineral	
4) Temperature	during	crystallization	
	
A:	Mass	Balance	Equations	
	 We	present	a	small	increment,	forward	step	mass	balance	model	to	account	for	the	
effect	of	fractional	crystallization	on	the	oxygen	isotopic	composition	of	a	melt.	In	subsequent	
equations,	superscripts	indicate	the	fractionation	step.	The	total	melt	fraction	(F)	at	i	=	1	is	F1	=	
1,	corresponding	to	a	parental	melt	that	has	not	experienced	crystallization.	Using	mass	balance	
constraints:	
	 𝐶"#$%&'( ((*𝐹𝐴"#$%&'( )(𝑋&'() 	+ 𝐶12"2$3%#&'( ((*𝐹𝐴12"2$3%#&'( )(1 − 𝑋&'() = 	𝐶"#$%& (*𝐹𝐴"#$%& 	(1)	
	
where	FA	is	the	fractional	abundance	of	18O	(18FA	=	18O/(18O+16O)),	𝑋&'( = 𝐹&'(/𝐹&,	which	
accounts	for	the	decreasing	melt	mass	during	fractionation,	and	𝐶	is	the	mass	fraction	of	
oxygen	in	the	melt	or	bulk	cumulate.	For	most	silicate	minerals	and	melts,	𝐶	=	0.4-0.5,	and	
therefore	the	C	terms	can	be	ignored.	However,	for	cumulates	dominated	by	oxides	or	Fe-end	
members	of	Fe-Mg	silicates,	𝐶	could	be	significantly	different	from	the	melt	and	must	be	
considered.	This	same	equation	may	be	written	approximately	by	replacing	the	F’s	with	δ18O	
(Fig.	1):		
	 𝐶"#$%&'( (𝛿(*𝑂"#$%&'( )(𝑋&'() 	+ 𝐶12"2$3%#&'( (𝛿(*𝑂12" $3%#&'( )(1 − 𝑋&'() = 	𝐶"#$%& 𝛿(*𝑂"#$%& 	(2)	
	
	
	
	
	
	
	
Figure	1:	Schematic	of	mass	balance	
calculations	involving	cumulates	and	melt.	
	
Although	this	equation	is	not	exact	as	it	uses	delta	notations	instead	of	isotopic	ratios,	it	errors	
will	generally	be	very	small	(<0.0005‰)	for	the	range	of	common	magmatic	δ18O	values	used	in	
this	study.	If	𝐶	is	ignored	for	simplicity,	Eq.	2	may	be	rearranged	to	solve	for	𝛿(*𝑂"#$%&'( :	
	 𝛿(*𝑂"#$%&'( = 	 :;<=>?@AB C(:;<=DE>E@FA?BG; ) (CHBG;HBG; 		(3)	
δ18Oimelt
δ18Oi+1melt
δ18Oi+1cumulate
step i+1step i
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We	let	∆&'(	denote	the	bulk	cumulate-melt	per	mil	fractionation:	
	 ∆&'(	= 𝛿(*𝑂12"2$3%#&'( − 𝛿(*𝑂"#$%&'( = (𝑀K&'(×ΔK&'( 𝑇 )	(4)	
	
where	𝑀K&'(	is	the	mass	fraction	of	the	bulk	cumulate	oxygen	contained	in	crystallizing	mineral	
n	and	ΔK&'( 𝑇 	is	the	temperature	and	melt	composition-dependent	mineral-melt	fractionation	
for	mineral	n.	We	describe	the	method	used	to	calculate	ΔK&'( 𝑇 	for	each	crystallizing	mineral	
in	section	B.	We	can	then	rewrite	Eq.	4	to	solve	for	𝛿(*𝑂12"2$3%#&'( :	
	 𝛿(*𝑂12"2$3%#&'( = 𝛿(*𝑂"#$%&'( + ∆&'(	(5)	
	
Substituting	Eq.	5,	into	Eq.	3	yields:	
	 𝛿(*𝑂"#$%&'( = 	 :;<=>?@AB C(:;<=>?@ABG; '∆BG;) (CHBG;HBG; 		(6)	
	
which	then	simplifies	to	the	primary	equation	for	the	melt	at	the	next	fractionation	step	
(𝛿(*𝑂"#$%&'( )	underlying	the	mass	balance	model:	
	𝛿(*𝑂"#$%&'( = 𝛿(*𝑂"#$%& − ∆&'((1 − 𝑋&'()		(7)	
	
If	𝐶	is	included	in	Eq.	2,	a	similar	equation	can	be	derived	if	mass	fractions	of	the	melt	versus	
cumulates	are	considered:	
	 𝛿(*𝑂"#$%&'( = 	 O>?@AB :;<=>?@AB CODE>E@FA?BG; (∆BG;) (CHBG;O>?@ABG; HBG;'ODE>E@FA?BG; ((CHBG;) 	 (8)	
	
B:	Calculation	of	Mineral-Melt	Fractionations	
	 We	calculate	mineral-melt	fractionation	factors	following	the	CIPW	normative	method	
described	in	Eiler	(2001).	At	each	fractionation	step	i,	the	CIPW	norm	of	the	melt	composition	is	
calculated.	Next,	treating	the	melt	as	a	mixture	of	CIPW	normative	minerals,	using	estimated	
melt	temperatures,	and	implementing	experimentally-determined	temperature-dependent	
relationships	for	mineral-mineral	oxygen	isotope	fractionations,	we	calculate	the	temperature	
and	melt	composition-dependent	mineral-melt	fractionations	(ΔK& 𝑇 )	for	each	crystallizing	
mineral	n.			
	 To	illustrate	this	method,	we	present	an	example	calculation.	Consider	the	normalized	
basaltic	melt	composition	(in	wt.%)	from	experiment	SV44	of	Villiger	et	al.,	(2004):	
	
SiO2	 TiO2	 Al2O3	 FeO	 MnO	 MgO	 CaO	 Na2O	 K2O	 Total	
50.28	 0.59	 14.47	 6.86	 0.16	 14.16	 11.81	 1.60	 0.08	 100.00	
	
with	a	mass	percent	CIPW	normative	composition	(considering	all	Fe	and	FeO):	
	
Anorthite	 Albite	 Orthoclase	 Diopside	 Hypersthene	 Olivine	 Ilmenite	 Total	
31.51	 14.09	 0.47	 21.26	 17.62	 13.93	 1.12	 100	
	
and	the	mass	percent	of	total	oxygen	contained	in	the	CIPW	normative	minerals:	
Anorthite	 Albite	 Orthoclase	 Diopside	 Hypersthene	 Olivine	 Ilmenite	 Total	
 	 4	
32.11	 15.23	 0.48	 20.87	 18.66	 11.86	 0.78	 100	
	
To	calculate	ΔP$&Q&K#C"#$%	for	the	SV44	glass	composition	at	1300ºC	(the	temperature	of	olivine	
saturation),	the	fractionations	of	the	melt	CIPW	normative	minerals	with	olivine	must	be	
calculated.	For	example,	equilibrium	forsterite-anorthite	(Fo-An)	fractionations	are	calculated:	
	 𝛿(*𝑂RP − 𝛿(*𝑂SK = 	ΔRPCSK	 ≈ 1000 ln 𝛼RPCSK = 	𝐴RPCSK((YZ[\ )		(7)	
	
where	T	is	temperature	in	Kelvin,	𝛼RPCSK = ( =;< / =;Z )]^( =;< / =;Z )_`	,	and	𝐴RPCSK=	-1.68	(Chacko	et	al.,	
2001).	At	1300ºC	=	1573	K,	ΔRPCSK=	-0.679	‰.	Effects	of	Fe-Mg	substitution	in	mafic	minerals	
on	mineral-mineral	fractionations	are	generally	small	(Hoefs,	2008)	and	were	ignored	in	this	
study.	Olivine	fractionations	with	other	normative	minerals	(e.g.,	albite,	orthoclase,	diopside,	
hypersthene,	olivine,	and	ilmenite)	must	also	be	calculated	at	1300ºC	following	the	same	
equations,	but	using	A	values	appropriate	for	each	mineral	(see	Valley	(2003)	for	summary	and	
Supplementary	Table	4	for	values	used	in	this	study).	Total	olivine-melt	fractionations	can	then	
be	calculated	as:	
	ΔP$&Q&K#C"#$%= 	NSK"#$% ∗ ΔRPCSK + 	NSc"#$% ∗ ΔRPCSc + N=d"#$% ∗ ΔRPC=d + Nef"#$% ∗ ΔRPCef + Ng$""#$% ∗ ΔRPCg$"	= 0.3211 ∗ ΔRPCSK + 	0.1523 ∗ ΔRPCSc + 0.0048 ∗ ΔRPC=d + 0.1866 ∗ ΔRPCef + 0.0078 ∗ΔRPCg$"			(8)	
	
where	N"&K"#$%	is	the	mass	fraction	of	total	oxygen	in	bulk	CIPW	composition	contained	in	a	specified	
mineral.	Mineral-melt	fractionation	calculations	must	be	done	at	every	fractionation	step	(with	a	
new	temperature	and	melt	composition)	for	every	crystallizing	mineral	phase.	These	mineral-
fractionations	are	equivalent	to	ΔK&'( 𝑇 	in	Eq.	3,	which	are	summed	in	proportion	to	the	
mass	%	of	each	crystallizing	mineral	to	yield	a	bulk	cumulate-melt	fractionation.		
(Valley,	2003)	
C:	Comparison	to	Bindeman	et	al.,	(2004)	Model	
	 Our	model	in	concept	is	very	similar	to	that	of	Bindeman	et	al.,	2004	(equation	1),	
however	we	elaborate	in	more	detail	the	actual	steps	taken	in	the	calculations	here.	Notably,	
the	calculated	increases	in	δ18O	produced	by	our	model	are	higher	than	the	maximum	of	~0.4‰	
increase	predicted	by	the	modeled	high-Al	basalt	with	3	wt.%	H2Oinitial	of	Bindeman	et	al.,	
(2004)	(Fig.	1	in	manuscript).	This	may	stem	from	the	fact	that	the	Bindeman	et	al.,	2004	
modeling	was	based	on	MELTS	modeling	results	which	does	a	poor	job	predicting	crystallizing	
assemblages	for	hydrous	systems,	most	notably	due	to	poorly	calibrated	amphibole	solution	
models.	Our	modeling	was	based	on	tightly	constrained	experiments	where	coexisting	melt	
compositions	and	crystallizing	assemblages	at	a	specific	temperature	are	known.	It	may	also	be	
related	to	our	explicit	treatment	of	the	problem	as	fractional	(v.	equilibrium)	crystallization.		
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Table	A.1:	Previous	Studies	on	the	Effects	of	Fractional	Crystallization	on	the	Oxygen	Isotopic	Composition	of	Magmas 
 
REFERENCE	 LOCALITY	 PARENTAL	MAGMA	 Data	Given	 P	 T	 F	Range	
SiO2	Range	
(wt.%)	
Crystallizing	
Mineralogy	
Increase	in	
δ18O	
Modeling	
Method	
α-values	used	
in	RF	Modeling	
Anderson	et	al.,	(1971)	
Kilauea	Iki	Lava	Lake,	
Hawaii	 Subalkaline	basalt	 VG	 -	 -	 1-0.2	 -	 ol,	pyx,	plag	 0.35-0.55‰	
	 	
Matsuhisa	(1973,	1979)	
Honshu	and	Hokaiido,	
Japan	
Tholeiitic,	Calc-alkaline,	and	
Alkali-basalts	 WR	 -	 -	 1-0.2	 47-76	 ol,	pyx,	plag	 0.5-0.8‰	
RF,	constant	Δ(xtals-
melt)	 0.9993-0.9997	
Muehlenbachs	and	Byerly	
(1982)	
Galapagos	Spreading	
Center	
low	K	tholeiites	&	Fe-Ti	
basalts	 WR,	plag,	tmgt	 -	 ~1100ºC	 1-0.1	 50.6-70.7	
ol,	pyx,	plag,	
tmgt	 1.2‰	
	
not	given	
Kalamarides	(1984)	
Kiglapait	Intrusion,	
Labrador,	Canada	
High-Al	&	Fe,	low-K	olivine	
tholeiite,	Anhydrous	 WR,	ol,	cpx,	ap	 ~2	kbar	 1250-960ºC	 1-0.015	 47.5-50.7	
ol,	aug,	plag,	
mgt	 0.3‰	
incremental	
subtraction	of	
cumulate	compositions	 n/a	
Sheppard	and	Harris	
(1985)	 Ascension	Island	 Alkali	basalt	
WR,	amph,	qtz,	
san	 -	 -	 1-0.225	 50.0-73.2	
ol,	pyx,	plag,	
mgt	 0.9‰	
RF,	constant	Δ(xtals-
melt)	 0.99977,	0.99962	
Woodhead	et	al.	(1987)	
Northern	Mariana	
Islands	 Arc	basalt	(unspecified)	 WR	(lavas)	 -	 -	 not	given	 49.2-63.4	 ol,	pyx,	mgt/il	 0.6-0.9‰	
RF,	constant	Δ(xtals-
melt)	 0.99980,	0.99965	
Baker	et	al.,	(2000)	 Yemen	
Continental	flood	basalts	
(unspecified)	
ol,	cpx,	plag,	Fe-
Ti	oxide	 -	 1250-950ºC	 1-0.32	 -	
ol,	cpx,	plag,	Fe-
Ti	oxides	 0.3‰	
RF,	three	consecutive	
α-values	
not	explicitly	
given	
Harris	et	al.,	(2000)	
Tristan	da	Cunha	&	
Gough	Island	
Silica-undersaturated	basalt	
(45%	SiO2)	 ol,	cpx,	plag	 -	 -	 1-0.17	 45-62	
ol,	cpx,	plag,	
mgt,	amph,	afsp	 0.1-0.3‰	
RF,	constant	Δ(xtals-
melt)	 0.99962	
Eiler	(2001)	 -	
Tholeiitic	basalt	
(experiments	from	Juster	et	
al.,	(1989))	 -	 1	bar	 1205-1040ºC	 1-0.13	 52-67	
plag,	aug,	pig,	il,	
tmgt,	qtz	 0.6‰	
Melt	treated	as	
mixutre	of	CIPW	
normative	minerals	
	
Bindeman	et	al.,	(2004)	 -	
High-Mg	basalt	(1	wt.%	
H2O);	High-Al	basalt;	
Shoshonite;	Tholeiite	 -	 1,	4,	8,	20	kbar	 1300-700ºC	 not	given	 50-75	wt.%	 ol,	cpx,	plag	 <0.4‰	
MELTS	calculations	and	
melt	treated	as	mixutre	
of	CIPW	normative	
minerals	
	
Cooper	et	al.,	(2004)	
Mid-Atlantic	Ridge,	
near	Azores	platform	 Mid-ocean	ridge	basalt	 basaltic	glass	 500	bar	 1370-1100ºC	 1-0.35	 48.5-54.3	 ol,	cpx,	plag	 0.13-0.22‰	
MELTS	calculations	and	
melt	treated	as	mixutre	
of	CIPW	normative	
minerals	 -	
Tollan	et	al.	(2012)	
St.	Vincent,	Lesser	
Antilles	
High-Mg	basalt,	4.5	to	3.1	
wt.%	H2O	 ol,	cpx,	plag	 -	 ~1200-1000ºC	 1-0.53	 -	
ol,	Cr-spinel,	
plag,	cpx,	amph	 0.24‰	
RF,	variable	α	
(determined	by	CIPW	
norm	method)	 not	given	
Abbreviations:	WR	(whole	rock),	VG	(volcanic	glass),	ol	(olivine),	cpx	(clinopyroxene),	aug	(augite),	pig	(pigeonite),	pyx	(pyroxene),	plag	(plagioclase),		amph	(amphibole),	afsp	(alkali	feldspar)	mgt	(magnetite),	tmgt	
(titanomagnetite),ap	(apatite),	qtz	(quartz),	RF	(RF) 
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Table	  A.2a:	  UWG-­‐2	  Gore	  Mountain	  Garnet	  Standard	  Measurements	  for	  ILFT	  Analyses 
Date	   Mass	  (mg)	  
Time	  
(min:sec)	   Pressure	  (torr)	   δ	  18O	  (‰)	   1σ	  
10/15/13	   1.725	   2:15	   25.9	   5.867	   0.026	  
10/15/13	   1.963	   2:02	   29.5	   5.863	   0.008	  
10/15/13	   1.908	   2:18	   28.1	   5.88	   0.018	  
10/15/13	   1.961	   2:22	   29.5	   5.826	   0.015	  
4/27/14	   1.732	   2:52	   25.7	   5.823	   0.009	  
4/27/14	   2.023	   2:31	   30.0	   5.743	   0.008	  
4/27/14	   1.840	   2:20	   27.3	   5.685	   0.012	  
4/27/14	   1.603	   2:15	   23.6	   5.655	   0.015	  
4/27/14	   1.868	   2:17	   27.7	   5.655	   0.017	  
4/29/14	   1.797	   2:32	   26.5	   5.797	   0.025	  
4/29/14	   2.027	   2:39	   30.1	   5.724	   0.019	  
4/29/14	   2.050	   2:21	   30.5	   5.679	   0.012	  
4/29/14	   1.814	   2:30	   27.0	   5.620	   0.009	  
4/29/14	   1.653	   2:12	   24.5	   5.612	   0.016	  
6/20/14	   1.717	   2:29	   25.3	   5.851	   0.009	  
6/20/14	   1.810	   2:39	   25.9	   5.994	   0.010	  
6/20/14	   1.972	   2:25	   29.4	   5.886	   0.008	  
6/20/14	   1.825	   2:24	   27.0	   5.839	   0.006	  
6/20/14	   1.724	   2:12	   25.8	   5.793	   0.007	  
6/24/14	   1.898	   1:46	   28.1	   5.870	   0.010	  
6/24/14	   1.704	   1:36	   25.4	   5.905	   0.020	  
6/24/14	   1.521	   2:18	   22.7	   5.783	   0.006	  
6/24/14	   1.606	   2:18	   24.0	   5.825	   0.017	  
6/25/14	   1.547	   2:36	   23.0	   5.935	   0.010	  
6/25/14	   1.690	   2:38	   25.3	   5.913	   0.008	  
6/25/14	   1.513	   1:46	   22.7	   5.83	   0.011	  
6/25/14	   1.700	   2:01	   25.4	   5.864	   0.014	  
6/26/14	   1.927	   1:48	   28.9	   5.887	   0.018	  
6/26/14	   1.956	   1:38	   29.3	   5.924	   0.013	  
6/26/14	   1.797	   2:30	   26.9	   5.827	   0.012	  
6/28/14	   1.900	   3:27	   28.2	   5.863	   0.012	  
6/28/14	   1.591	   1:53	   25.7	   5.984	   0.011	  
6/28/14	   1.857	   2:48	   27.9	   5.823	   0.014	  
6/28/14	   1.834	   1:40	   27.2	   5.845	   0.007	  
6/28/14	   1.575	   1:36	   23.6	   5.810	   0.027	  
6/29/14	   1.649	   1:42	   24.6	   5.842	   0.025	  
6/29/14	   1.500	   1:37	   22.4	   5.858	   0.011	  
7/1/14	   1.644	   1:58	   24.3	   6.042	   0.003	  
7/1/14	   1.520	   1:47	   22.9	   6.006	   0.006	  
7/1/14	   1.498	   -­‐	   22.4	   5.949	   0.006	  
7/1/14	   1.926	   -­‐	   28.7	   5.834	   0.017	  
7/1/14	   1.645	   1:30	   24.6	   5.863	   0.018	  
7/2/14	   1.712	   2:01	   25.7	   5.967	   0.018	  
7/2/14	   1.834	   1:51	   27.5	   5.937	   0.024	  
7/2/14	   1.910	   1:40	   28.5	   5.883	   0.006	  
	  
Average:	  5.841	  ±	  0.100	  (1σ)	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Table	  A.2b:	  KHX-­‐1	  Olivine	  Standard	  Measurements	  for	  ILFT	  Analyses 
	   	   	   	  
Date	   Mass	  (mg)	   Time	  (min:sec)	   Pressure	  (torr)	   δ	  18O	  (‰)	   1σ 
10/15/13	   2.108	   2:43	   32.6	   5.288	   0.023	  
10/15/13	   2.088	   2:32	   32.1	   5.282	   0.019	  
10/15/13	   2.108	   2:36	   32.4	   5.303	   0.025	  
10/15/13	   2.042	   2:30	   31.3	   5.281	   0.026	  
4/27/14	   1.750	   2:22	   26.2	   5.203	   0.017	  
4/27/14	   1.633	   2:09	   24.8	   5.189	   0.013	  
4/27/14	   1.867	   2:26	   28.3	   5.083	   0.012	  
4/27/14	   1.773	   2:23	   26.7	   5.118	   0.009	  
4/29/14	   2.074	   2:48	   31.5	   5.160	   0.010	  
4/29/14	   2.028	   2:33	   30.7	   5.078	   0.016	  
4/29/14	   1.652	   2:27	   25.1	   5.107	   0.014	  
4/29/14	   1.556	   ~2:15	   23.8	   5.180	   0.012	  
6/20/14	   1.998	   2:38	   30.6	   5.335	   0.009	  
6/20/14	   1.692	   2:23	   25.8	   5.331	   0.012	  
6/20/14	   1.784	   2:04	   27.2	   5.236	   0.011	  
6/24/14	   1.839	   2:13	   27.0	   5.334	   0.009	  
6/24/14	   1.938	   2:27	   29.6	   5.249	   0.009	  
6/24/14	   1.761	   2:21	   26.9	   5.312	   0.014	  
6/25/14	   1.630	   2:11	   24.9	   5.363	   0.006	  
6/25/14	   1.950	   2:27	   29.8	   5.256	   0.013	  
6/25/14	   1.866	   2:12	   28.8	   5.234	   0.015	  
6/25/14	   1.944	   2:17	   30.0	   5.368	   0.007	  
6/26/14	   1.962	   1:33	   23.7	   5.376	   0.009	  
6/26/14	   1.689	   2:23	   21.2	   5.317	   0.018	  
6/28/14	   1.820	   3:16	   28.1	   5.301	   0.007	  
6/28/14	   1.554	   1:44	   24.0	   5.373	   0.010	  
6/28/14	   1.780	   1:45	   27.5	   5.316	   0.014	  
6/28/14	   1.980	   1:35	   30.4	   5.244	   0.013	  
6/29/14	   1.825	   1:54	   28.5	   5.254	   0.008	  
6/29/14	   1.556	   1:38	   24.2	   5.292	   0.013	  
6/29/14	   1.949	   1:33	   30.0	   5.206	   0.022	  
6/29/14	   1.675	   1:37	   25.6	   5.254	   0.016	  
7/1/14	   1.988	   1:54	   30.5	   5.325	   0.018	  
7/1/14	   1.723	   1:48	   26.6	   5.362	   0.013	  
7/1/14	   1.814	   1:47	   28.0	   5.239	   0.014	  
7/2/14	   1.823	   2:11	   28.0	   5.349	   0.013	  
7/2/14	   1.953	   1:46	   29.8	   5.239	   0.006	  
7/2/14	   1.574	   1:35	   24.2	   5.413	   0.009	  
*Std.	  yields	  on	  this	  run	  are	  low	  because	  the	  shield	  became	  foggy.	  
	   	   	   	   	  Average:	  5.267	  ±	  0.083	  (1σ)	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Figure	  2:	  Pressure	  of	  O2	  (torr)	  versus	  mass	  of	  analyzed	  ILFT	  standards.	  Two	  low	  KHX-­‐1	  olivine	  standards	  are	  due	  to	  
incomplete	  lazing	  due	  to	  foggy	  shield.	  These	  standard	  analyses	  were	  not	  included	  in	  data	  reduction.	  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	  
	  
Figure	  3:	  Analyzed	  ILFT	  standard	  values	  versus	  accepted	  values.	  Horizontal	  axis	  indicates	  order	  of	  analysis.	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Table	  A.3:	  SIMS	  Analyses	  –	  Standards	  and	  Samples	  
Comment δ
18O ‰ 
VSMOW 
2SD 
(ext.) 
Mass 
Bias 
(‰) 
δ18O ‰ 
measured 
2SE 
(int.) 
16O 
(Gcps) IP (nA) 
Yield 
(Gcps/nA) 
16OH/16O Analysis	  Notes*	  
WI-­‐STD-­‐12	  KIM-­‐5	  SW	       	  	   6.072	   0.260	   2.520	   1.944 1.296	   2.658E-­‐04	  
	  WI-­‐STD-­‐12	  KIM-­‐5	  SW	  beam#8	       	  	   6.455	   0.212	   2.508	   1.936 1.295	   2.654E-­‐04	  
	  WI-­‐STD-­‐12	  KIM-­‐5	  SW	  egun-­‐HV=9999	       	  	   6.337	   0.218	   2.509	   1.925 1.304	   2.780E-­‐04	  
	  WI-­‐STD-­‐12	  KIM-­‐5	  SW	       	  	   6.503	   0.233	   2.489	   1.914 1.301	   2.444E-­‐04	  
	  WI-­‐STD-­‐12	  KIM-­‐5	  SW	       	  	   6.439	   0.239	   2.477	   1.901 1.303	   2.460E-­‐04	  
	  average and 2SD 
   
6.434 0.140 
     
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g1	  A	       	  	   6.641	   0.131	   2.420	   1.871 1.293	   5.671E-­‐04	  
	  Mount1	  KIM-­‐5	  g1	  B	       	  	   6.616	   0.205	   2.414	   1.867 1.293	   5.637E-­‐04	  
	  Mount1	  KIM-­‐5	  g1	  C	       	  	   6.433	   0.273	   2.406	   1.863 1.291	   6.153E-­‐04	  
	  Mount1	  KIM-­‐5	  g1	  D	       	  	   6.298	   0.296	   2.384	   1.852 1.287	   5.921E-­‐04	  
	  average and 2SD 
   
6.497 0.324 
     
	     	   	   	   	    	   	   	  Mount1	  MO-­‐11-­‐12	  z1-­‐A	   9.06 0.29 
	  
10.463	   0.205	   2.393	   1.839 1.301	   6.136E-­‐04	   Low	  16O	  cps.	  Analysis	  near	  crack.	  
Mount1	  MO-­‐11-­‐12	  z1-­‐B	   9.33 0.29 
	  
10.730	   0.229	   2.380	   1.838 1.295	   6.172E-­‐04	   Low	  16O	  cps.	  
Mount1	  MO-­‐11-­‐12	  z2-­‐A	  Cs-­‐Res=177	   9.35 0.29 
	  
10.751	   0.206	   2.597	   1.991 1.304	   5.828E-­‐04	  
Analysis	  on	  crack.	  Overlap	  with	  dark	  
core	  (in	  CL).	  
Mount1	  MO-­‐11-­‐12	  z2-­‐B	   9.06 0.29 
	  
10.454	   0.172	   2.618	   2.009 1.303	   6.037E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z6	   8.57 0.29 
	  
9.973	   0.221	   2.600	   2.018 1.288	   5.290E-­‐04	   Analysis	  on	  crack.	  
Mount1	  MO-­‐11-­‐12	  z9	   9.32 0.29 
	  
10.717	   0.216	   2.646	   2.026 1.306	   5.781E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z10	   9.19 0.29 
	  
10.591	   0.307	   2.640	   2.032 1.299	   5.993E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z11-­‐A	   9.27 0.29 
	  
10.670	   0.134	   2.645	   2.033 1.301	   5.536E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z11-­‐B	   9.12 0.29 
	  
10.517	   0.222	   2.630	   2.030 1.295	   5.627E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z14	   9.45 0.29 
	  
10.849	   0.213	   2.637	   2.026 1.302	   5.392E-­‐04	  
	  
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g2	  A	       	  	   6.451	   0.189	   2.607	   2.022 1.289	   5.906E-­‐04	  
	  Mount1	  KIM-­‐5	  g2	  B	       	  	   6.296	   0.192	   2.619	   2.021 1.296	   5.812E-­‐04	  
	  Mount1	  KIM-­‐5	  g2	  C	       	  	   6.666	   0.251	   2.400	   1.887 1.272	   7.607E-­‐04	  
	  Mount1	  KIM-­‐5	  g2	  D	       	  	   6.467	   0.269	   2.476	   1.907 1.299	   6.247E-­‐04	  
	  average and 2SD 
   
6.470 0.303 
     bracket average and 2SD 5.09 
 
1.39 6.484 0.292 
     
	     	   	   	   	    	   	   	  Mount1	  MO-­‐11-­‐12	  z17	   9.38 0.37 
	  
10.652	   0.239	   2.520	   1.945 1.296	   5.917E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z23	   9.67 0.37 
	  
10.948	   0.191	   2.555	   1.960 1.304	   5.949E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z35	   9.93 0.37 
	  
11.209	   0.178	   2.570	   1.970 1.304	   6.081E-­‐04	   High	  16OH/16O.	  
Mount1	  MO-­‐11-­‐12	  z34	   9.43 0.37 
	  
10.707	   0.219	   2.576	   1.973 1.306	   6.066E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z33	   9.36 0.37 
	  
10.633	   0.204	   2.563	   1.974 1.298	   1.696E-03 High	  16OH/16O.	  
Mount1	  MO-­‐11-­‐12	  z32	   9.66 0.37 
	  
10.938	   0.175	   2.549	   1.973 1.292	   5.975E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z27	   9.11 0.37 
	  
10.388	   0.254	   2.560	   1.977 1.295	   6.011E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z29-­‐A	   9.65 0.37 
	  
10.930	   0.156	   2.560	   1.979 1.294	   5.917E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z29-­‐B	   9.58 0.37 
	  
10.862	   0.247	   2.568	   1.979 1.298	   5.504E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z4-­‐A	   9.31 0.37 
	  
10.588	   0.162	   2.573	   1.982 1.298	   6.324E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z4-­‐B	   9.29 0.37 
	  
10.566	   0.231	   2.569	   1.983 1.295	   5.848E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z4-­‐C	   9.34 0.37 
	  
10.619	   0.201	   2.566	   1.983 1.294	   5.646E-­‐04	  
	  
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g2	  E	       	  	   6.291	   0.232	   2.551	   1.987 1.283	   8.953E-­‐04	  
	  Mount1	  KIM-­‐5	  g3	  A	       	  	   6.162	   0.163	   2.557	   1.981 1.291	   6.515E-­‐04	  
	  Mount1	  KIM-­‐5	  g3	  B	       	  	   6.457	   0.182	   2.552	   1.977 1.291	   6.495E-­‐04	  
	  Mount1	  KIM-­‐5	  g3	  C	       	  	   6.102	   0.256	   2.555	   1.981 1.290	   6.096E-­‐04	  
	  average and 2SD 
   
6.253 0.314 
	    	   	   	  bracket average and 2SD 5.09 
 
1.27 6.362 0.368 
	    	   	   	  
	     	   	   	   	    	   	   	  Mount1	  MO-­‐11-­‐16	  z12	   8.37 0.35 
	  
9.661	   0.201	   2.554	   1.967 1.299	   5.738E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z14	   10.02 0.35 
	  
11.319	   0.159	   2.565	   1.967 1.304	   9.201E-­‐04	   High	  16OH/16O.	  
Mount1	  MO-­‐11-­‐16	  z16	   8.57 0.35 
	  
9.861	   0.262	   2.553	   1.966 1.299	   5.648E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z31	   8.35 0.35 
	  
9.647	   0.195	   2.558	   1.965 1.302	   6.182E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z29	   8.52 0.35 
	  
9.815	   0.196	   2.542	   1.962 1.296	   5.600E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z18	   11.47 0.35 
	  
12.767	   0.256	   2.539	   1.958 1.296	   5.875E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z27	   9.24 0.35 
	  
10.540	   0.271	   2.533	   1.955 1.296	   5.498E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z26	   9.32 0.35 
	  
10.616	   0.258	   2.533	   1.953 1.297	   5.561E-­‐04	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Mount1	  MO-­‐11-­‐16	  z36	   8.51 0.35 
	  
9.810	   0.240	   2.528	   1.950 1.296	   6.247E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z38-­‐A	   8.55 0.35 
	  
9.850	   0.192	   2.520	   1.948 1.294	   5.927E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z38-­‐B	   8.38 0.35 
	  
9.673	   0.196	   2.522	   1.947 1.296	   5.483E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z24	   8.95 0.35 
	  
10.242	   0.238	   2.529	   1.945 1.300	   5.518E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z22	   8.82 0.35 
	  
10.118	   0.174	   2.516	   1.942 1.295	   6.030E-­‐04	  
	  
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g3	  D	       	  	   6.584	   0.225	   2.516	   1.942 1.295	   6.572E-­‐04	  
	  Mount1	  KIM-­‐5	  g3	  E	       	  	   6.493	   0.194	   2.517	   1.939 1.298	   6.276E-­‐04	  
	  Mount1	  KIM-­‐5	  g3	  F	       	  	   6.417	   0.244	   2.518	   1.941 1.297	   6.556E-­‐04	  
	  Mount1	  KIM-­‐5	  g4	  A	       	  	   6.541	   0.190	   2.485	   1.941 1.280	   6.107E-­‐04	  
	  average and 2SD 
   
6.509 0.143 
	    	   	   	  bracket average and 2SD 5.09 
 
1.28 6.381 0.355 
	    	   	   	  
	     	   	   	   	    	   	   	  Mount1	  MO-­‐11-­‐16	  z13	   8.99 0.27 
	  
10.359	   0.165	   2.511	   1.938 1.295	   6.067E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z15	   8.77 0.27 
	  
10.137	   0.151	   2.503	   1.930 1.297	   5.838E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z3	   9.42 0.27 
	  
10.784	   0.173	   2.497	   1.922 1.300	   7.214E-­‐04	   High	  16OH/16O.	  
Mount1	  MO-­‐11-­‐23	  z14	   9.10 0.27 
	  
10.461	   0.258	   2.507	   1.926 1.302	   5.711E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z17-­‐A	   9.10 0.27 
	  
10.465	   0.173	   2.502	   1.930 1.296	   5.973E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z17-­‐B	   9.18 0.27 
	  
10.549	   0.238	   2.509	   1.934 1.298	   5.651E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z18-­‐A	   9.18 0.27 
	  
10.548	   0.200	   2.514	   1.936 1.299	   5.640E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z18-­‐B	   9.39 0.27 
	  
10.757	   0.253	   2.517	   1.938 1.299	   5.759E-­‐04	   On	  crack.	  
Mount1	  MO-­‐11-­‐23	  z26	   8.96 0.27 
	  
10.323	   0.264	   2.522	   1.933 1.305	   5.680E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z27	   9.28 0.27 
	  
10.645	   0.216	   2.509	   1.940 1.293	   5.655E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z31-­‐A	   9.00 0.27 
	  
10.362	   0.195	   2.520	   1.939 1.300	   5.563E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z31-­‐B	   9.11 0.27 
	  
10.477	   0.246	   2.511	   1.936 1.298	   5.649E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z32	   9.00 0.27 
	  
10.364	   0.203	   2.520	   1.933 1.303	   5.625E-­‐04	  
	  
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g4	  B	       	  	   6.380	   0.236	   2.505	   1.933 1.296	   6.023E-­‐04	  
	  Mount1	  KIM-­‐5	  g4	  C	       	  	   6.542	   0.268	   2.500	   1.939 1.289	   6.475E-­‐04	  
	  Mount1	  KIM-­‐5	  g4	  D	       	  	   6.157	   0.153	   2.519	   1.945 1.295	   6.317E-­‐04	  
	  Mount1	  KIM-­‐5	  g5	  A	       	  	   6.487	   0.208	   2.523	   1.945 1.297	   5.894E-­‐04	  
	  average and 2SD 
   
6.392 0.340 
	    	   	   	  bracket average and 2SD 5.09 
 
1.35 6.450 0.272 
	    	   	   	  
	     	   	   	   	    	   	   	  Mount1	  MO-­‐11-­‐23	  z34	   9.18 0.35 
	  
10.477	   0.208	   2.534	   1.951 1.299	   5.545E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z36	   8.86 0.35 
	  
10.157	   0.245	   2.547	   1.953 1.304	   5.695E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z23	   9.05 0.35 
	  
10.349	   0.206	   2.537	   1.952 1.300	   5.593E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z20	   9.01 0.35 
	  
10.305	   0.221	   2.539	   1.952 1.301	   5.576E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z21-­‐A	   8.75 0.35 
	  
10.040	   0.259	   2.543	   1.956 1.300	   5.605E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z21-­‐B	   9.25 0.35 
	  
10.543	   0.229	   2.544	   1.959 1.299	   5.543E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z9	   8.96 0.35 
	  
10.252	   0.199	   2.552	   1.959 1.303	   5.678E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z11-­‐A	   9.21 0.35 
	  
10.507	   0.203	   2.551	   1.964 1.299	   5.542E-­‐04	  
	  Mount1	  MO-­‐11-­‐23	  z11-­‐B	   9.12 0.35 
	  
10.418	   0.161	   2.556	   1.966 1.300	   5.656E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z24	   8.26 0.35 
	  
9.558	   0.265	   2.557	   1.963 1.303	   5.429E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z22	   8.38 0.35 
	  
9.677	   0.164	   2.541	   1.958 1.298	   6.357E-­‐04	   High	  16OH/16O.	  
Mount1	  MO-­‐11-­‐14	  z25-­‐A	   8.36 0.35 
	  
9.649	   0.210	   2.547	   1.955 1.303	   5.425E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z25-­‐B	   8.43 0.35 
	  
9.726	   0.186	   2.550	   1.953 1.306	   5.329E-­‐04	  
	  
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g5	  B	       	  	   6.396	   0.262	   2.530	   1.947 1.299	   5.901E-­‐04	  
	  Mount1	  KIM-­‐5	  g5	  C	       	  	   6.613	   0.231	   2.509	   1.943 1.292	   6.070E-­‐04	  
	  Mount1	  KIM-­‐5	  g5	  D	       	  	   6.116	   0.198	   2.515	   1.937 1.299	   5.932E-­‐04	  
	  Mount1	  KIM-­‐5	  g6	  A	       	  	   6.343	   0.207	   2.515	   1.929 1.304	   6.045E-­‐04	  
	  average and 2SD 
   
6.367 0.408 
	    	   	   	  bracket average and 2SD 5.09 
 
1.28 6.379 0.349 
	    	   	   	  
	     	   	   	   	    	   	   	  Mount1	  MO-­‐11-­‐14	  z26	   8.39 0.38 
	  
9.598	   0.167	   2.529	   1.928 1.312	   5.514E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z20	   8.23 0.38 
	  
9.437	   0.219	   2.511	   1.925 1.304	   5.442E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z4	   8.46 0.38 
	  
9.670	   0.210	   2.505	   1.925 1.301	   5.619E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z17-­‐A	   8.37 0.38 
	  
9.576	   0.231	   2.518	   1.927 1.306	   5.415E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z17-­‐B	   8.18 0.38 
	  
9.389	   0.253	   2.530	   1.934 1.308	   5.420E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z12	   8.39 0.38 
	  
9.599	   0.293	   2.519	   1.933 1.303	   5.456E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z2-­‐A	   8.60 0.38 
	  
9.805	   0.152	   2.504	   1.924 1.302	   5.496E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z2-­‐B	   8.30 0.38 
	  
9.514	   0.216	   2.501	   1.915 1.306	   5.449E-­‐04	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Mount1	  MO-­‐11-­‐14	  z13-­‐A	   8.36 0.38 
	  
9.569	   0.175	   2.490	   1.909 1.304	   6.359E-­‐04	   High	  16OH/16O.	  
Mount1	  MO-­‐11-­‐14	  z13-­‐B	   8.01 0.38 
	  
9.215	   0.237	   2.473	   1.911 1.294	   7.522E-­‐04	   High	  16OH/16O.	  
Mount1	  MO-­‐11-­‐14	  z15	   8.32 0.38 
	  
9.526	   0.216	   2.489	   1.910 1.303	   5.496E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z30-­‐A	   8.30 0.38 
	  
9.507	   0.197	   2.482	   1.906 1.303	   5.392E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z30-­‐B	   8.22 0.38 
	  
9.425	   0.215	   2.471	   1.904 1.298	   5.341E-­‐04	  
	  Mount1	  MO-­‐11-­‐14	  z16	   8.49 0.38 
	  
9.702	   0.295	   2.480	   1.907 1.301	   5.908E-­‐04	  
	  
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g6	  B	       	  	   6.221	   0.209	   2.486	   1.912 1.300	   5.962E-­‐04	  
	  Mount1	  KIM-­‐5	  g6	  C	       	  	   6.080	   0.160	   2.489	   1.914 1.300	   6.151E-­‐04	  
	  Mount1	  KIM-­‐5	  g6	  D	       	  	   6.125	   0.172	   2.487	   1.915 1.299	   5.826E-­‐04	  
	  Mount1	  KIM-­‐5	  g6	  E	       	  	   6.470	   0.207	   2.480	   1.915 1.295	   5.899E-­‐04	  
	  average and 2SD 
   
6.224 0.348 
	    	   	   	  bracket average and 2SD 5.09 
 
1.20 6.296 0.383 
	    	   	   	  
	     	   	   	   	    	   	   	  Mount1	  MO-­‐11-­‐19	  z36-­‐A	   7.87 0.37 
	  
9.125	   0.177	   2.485	   1.910 1.301	   5.645E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z36-­‐B	   7.83 0.37 
	  
9.079	   0.246	   2.480	   1.909 1.299	   5.549E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z23-­‐A	   7.58 0.37 
	  
8.832	   0.190	   2.479	   1.911 1.297	   6.263E-­‐04	   High	  16OH/16O.	  
Mount1	  MO-­‐11-­‐19	  z23-­‐B	   7.74 0.37 
	  
8.991	   0.172	   2.497	   1.917 1.303	   5.503E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z24	   7.83 0.37 
	  
9.077	   0.235	   2.505	   1.923 1.303	   5.378E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z25	   7.87 0.37 
	  
9.119	   0.205	   2.504	   1.923 1.303	   5.542E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z26-­‐A	   7.74 0.37 
	  
8.996	   0.242	   2.511	   1.919 1.308	   5.682E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z26-­‐B	   7.76 0.37 
	  
9.013	   0.178	   2.495	   1.917 1.301	   5.364E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z33	   7.54 0.37 
	  
8.790	   0.246	   2.482	   1.912 1.298	   5.472E-­‐04	   Analysis	  on	  crack.	  
Mount1	  MO-­‐11-­‐19	  z31	   8.03 0.37 
	  
9.278	   0.229	   2.472	   1.906 1.297	   5.377E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z29	   7.77 0.37 
	  
9.026	   0.215	   2.473	   1.907 1.297	   5.467E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z10	   8.00 0.37 
	  
9.256	   0.153	   2.475	   1.899 1.304	   5.223E-­‐04	  
	  
Mount1	  MO-­‐11-­‐19	  z11	   8.24 0.37 
	  
9.489	   0.191	   2.468	   1.897 1.301	   5.430E-­‐04	  
Analysis	  on	  dark	  area	  of	  zircon	  in	  CL	  
(radiation	  damage?).	  
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g6	  F	       	  	   6.583	   0.221	   2.450	   1.895 1.293	   6.274E-­‐04	  
	  Mount1	  KIM-­‐5	  g7	  A	       	  	   6.505	   0.233	   2.444	   1.889 1.293	   5.833E-­‐04	  
	  Mount1	  KIM-­‐5	  g7	  B	       	  	   6.408	   0.214	   2.443	   1.886 1.295	   5.918E-­‐04	  
	  Mount1	  KIM-­‐5	  g8	  A	       	  	   6.312	   0.176	   2.443	   1.875 1.303	   5.547E-­‐04	  
	  average and 2SD 
   
6.452 0.235 
	    	   	   	  bracket average and 2SD 5.09 
 
1.24 6.338 0.368 
	    	   	   	  
	     	   	   	   	    	   	   	  Mount1	  MO-­‐11-­‐19	  z12	   8.00 0.21 
	  
9.346	   0.178	   2.425	   1.863 1.302	   5.425E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z13	   7.82 0.21 
	  
9.167	   0.213	   2.421	   1.861 1.301	   5.360E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z6	   7.94 0.21 
	  
9.279	   0.178	   2.410	   1.857 1.298	   5.320E-­‐04	  
	  Mount1	  MO-­‐11-­‐19	  z1	   8.91 0.21 
	  
10.253	   0.209	   2.409	   1.855 1.299	   5.541E-­‐04	   Low	  16O	  cps.	  
Mount1	  MO-­‐11-­‐19	  z20	   8.12 0.21 
	  
9.460	   0.198	   2.399	   1.852 1.296	   5.564E-­‐04	   Low	  16O	  cps.	  
Mount1	  MO-­‐11-­‐19	  z37	   7.91 0.21 
	  
9.252	   0.185	   2.420	   1.852 1.307	   5.519E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z7-­‐A	   8.67 0.21 
	  
10.017	   0.238	   2.405	   1.849 1.301	   5.565E-­‐04	   Low	  16O	  cps,	  high	  16OH/16O.	  
Mount1	  MO-­‐11-­‐26	  z7-­‐B	   9.40 0.21 
	  
10.749	   0.257	   2.393	   1.846 1.297	   5.587E-­‐04	   Low	  16O	  cps,	  high	  16OH/16O.	  
Mount1	  MO-­‐11-­‐26	  z6	  Cs-­‐Res=178	   9.48 0.21 
	  
10.822	   0.213	   2.629	   2.015 1.305	   5.091E-­‐04	  
Analysis	  on	  dark	  area	  of	  zircon	  in	  CL	  
(radiation	  damage?).	  
Mount1	  MO-­‐11-­‐26	  z5	   8.75 0.21 
	  
10.089	   0.181	   2.658	   2.032 1.308	   4.986E-­‐04	   Analysis	  on	  crack.	  
Mount1	  MO-­‐11-­‐26	  z12	   9.01 0.21 
	  
10.350	   0.248	   2.650	   2.041 1.299	   5.095E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z3-­‐A	   9.11 0.21 
	  
10.453	   0.178	   2.666	   2.046 1.303	   4.996E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z3-­‐B	   8.88 0.21 
	  
10.221	   0.163	   2.670	   2.064 1.294	   4.953E-­‐04	  
	  
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g8	  B	       	  	   6.268	   0.245	   2.702	   2.070 1.305	   5.310E-­‐04	  
	  Mount1	  KIM-­‐5	  g8	  C	       	  	   6.458	   0.186	   2.706	   2.074 1.305	   5.239E-­‐04	  
	  Mount1 KIM-5 g8 D       5.484 0.163 2.555 2.054 1.244 5.568E-04 Low	  16O	  cps.	  
Mount1	  KIM-­‐5	  g8	  E	       	  	   6.507	   0.181	   2.654	   2.041 1.300	   5.243E-­‐04	  
	  Mount1	  KIM-­‐5	  g8	  F	       	  	   6.390	   0.251	   2.655	   2.044 1.299	   5.332E-­‐04	  
	  average and 2SD 
   
6.406 0.207 
	    	   	   	  bracket average and 2SD 5.09 
 
1.33 6.429 0.211 
	    	   	   	  
	     	   	   	   	    	   	   	  Mount1	  MO-­‐11-­‐26	  z1	   9.03 0.15 
	  
10.335	   0.243	   2.637	   2.039 1.293	   4.991E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z17	   9.01 0.15 
	  
10.310	   0.226	   2.633	   2.037 1.293	   4.982E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z19-­‐A	   9.16 0.15 
	  
10.458	   0.213	   2.639	   2.026 1.302	   5.437E-­‐04	   High	  16OH/16O.	  
Mount1	  MO-­‐11-­‐26	  z19-­‐B	   9.27 0.15 
	  
10.578	   0.241	   2.602	   2.018 1.289	   4.919E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z30-­‐A	   9.22 0.15 
	  
10.518	   0.279	   2.610	   2.010 1.299	   5.085E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z30-­‐B	   9.21 0.15 
	  
10.515	   0.182	   2.594	   2.006 1.293	   5.035E-­‐04	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Mount1	  MO-­‐11-­‐26	  z31	   9.02 0.15 
	  
10.325	   0.252	   2.596	   2.001 1.297	   4.901E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z35	   9.42 0.15 
	  
10.722	   0.203	   2.581	   1.999 1.291	   4.986E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z36	   9.15 0.15 
	  
10.456	   0.228	   2.593	   1.997 1.299	   4.980E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z37	   9.00 0.15 
	  
10.299	   0.265	   2.592	   1.992 1.301	   5.051E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z23	   9.42 0.15 
	  
10.725	   0.279	   2.596	   1.993 1.303	   5.338E-­‐04	   High	  16OH/16O.	  
Mount1	  MO-­‐11-­‐26	  z24	   9.27 0.15 
	  
10.575	   0.174	   2.605	   1.998 1.304	   5.175E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z25	   9.30 0.15 
	  
10.601	   0.210	   2.606	   2.002 1.302	   5.079E-­‐04	  
	  
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g9	  A	       	  	   6.366	   0.208	   2.611	   2.006 1.302	   5.052E-­‐04	  
	  Mount1	  KIM-­‐5	  g9	  B	       	  	   6.325	   0.149	   2.615	   2.007 1.303	   5.104E-­‐04	  
	  Mount1	  KIM-­‐5	  g9	  C	       	  	   6.370	   0.237	   2.631	   2.016 1.305	   5.337E-­‐04	  
	  Mount1	  KIM-­‐5	  g9	  D	       	  	   6.417	   0.161	   2.628	   2.017 1.303	   5.286E-­‐04	  
	  average and 2SD 
   
6.370 0.075 
	    	   	   	  bracket average and 2SD 5.09 
 
1.29 6.388 0.149 
	    	   	   	  
	     	   	   	   	    	   	   	  Mount1	  MO-­‐11-­‐16	  z1-­‐A	   8.45 0.18 
	  
9.805	   0.123	   2.621	   2.008 1.305	   5.571E-­‐04	  
	  
Mount1	  MO-­‐11-­‐16	  z1-­‐B	   8.61 0.18 
	  
9.966	   0.195	   2.604	   2.002 1.300	   5.290E-­‐04	  
Analysis	  partially	  on	  dark	  zoned	  rim	  
and	  core.	  
Mount1	  MO-­‐11-­‐16	  z35	   9.02 0.18 
	  
10.381	   0.221	   2.587	   1.986 1.303	   5.439E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z37	   8.58 0.18 
	  
9.938	   0.265	   2.574	   1.987 1.296	   5.254E-­‐04	  
	  Mount1	  MO-­‐11-­‐16	  z6	   9.49 0.18 
	  
10.843	   0.176	   2.561	   1.976 1.296	   5.133E-­‐04	  
	  
Mount1	  MO-­‐11-­‐16	  z10	   10.95 0.18 
	  
12.304	   0.264	   2.585	   1.980 1.306	   5.421E-­‐04	  
Dark	  oscillatory	  rim.	  Analysis	  on	  
crack.	  
Mount1	  MO-­‐11-­‐12	  z8	   9.50 0.18 
	  
10.859	   0.281	   2.575	   1.980 1.301	   5.119E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z24	   9.72 0.18 
	  
11.075	   0.232	   2.446	   1.977 1.237	   5.311E-­‐04	   Low	  16O	  cps.	  
Mount1	  MO-­‐11-­‐12	  z18	   9.18 0.18 
	  
10.539	   0.198	   2.588	   1.980 1.307	   5.247E-­‐04	  
	  Mount1	  MO-­‐11-­‐12	  z20	   9.46 0.18 
	  
10.822	   0.191	   2.573	   1.982 1.299	   5.177E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z22	   9.16 0.18 
	  
10.515	   0.221	   2.563	   1.977 1.296	   5.009E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z27	   9.09 0.18 
	  
10.442	   0.219	   2.566	   1.974 1.299	   5.066E-­‐04	  
	  Mount1	  MO-­‐11-­‐26	  z29	   8.90 0.18 
	  
10.256	   0.185	   2.574	   1.979 1.300	   4.968E-­‐04	  
	  
	     	   	   	   	    	   	   	  Mount1	  KIM-­‐5	  g9	  E	       	  	   6.427	   0.223	   2.573	   1.982 1.298	   6.070E-­‐04	  
	  Mount1	  KIM-­‐5	  g9	  F	       	  	   6.572	   0.182	   2.572	   1.983 1.297	   5.364E-­‐04	  
	  Mount1	  KIM-­‐5	  g9	  G	       	  	   6.540	   0.211	   2.563	   1.977 1.296	   5.464E-­‐04	  
	  Mount1	  KIM-­‐5	  g9	  H	       	  	   6.512	   0.234	   2.552	   1.977 1.291	   5.759E-­‐04	  
	  average and 2SD 
   
6.513 0.124 
	    	   	   	  bracket average and 2SD 5.09 
 
1.34 6.441 0.180 
	    	   	   	   
 
*Analyses	  in	  red	  were	  not	  considered	  robust.	  See	  notes.	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Table	  A.4:	  Quartz-­‐Mineral	  Fractionation	  Factors	  Used	  in	  Calculations	  
MINERAL	  B*	   A	   B	   C	   Reference	  
Temperature	  
Range	  (ºC)	   Method	  
Albite	   0.94	   -­‐	   -­‐	   Clayton	  et	  al.,	  (1989)	   600-­‐800	   Experimental	  
Anorthite	   1.99	   -­‐	   -­‐	   Clayton	  et	  al.,	  (1989)	   600-­‐800	   Experimental	  
K-­‐Feldspar	   0.16	   1.50	   -­‐0.62	   Zheng	  (1993a)	   -­‐	   Theoretical	  -­‐	  Modified	  Increment	  Method	  
Nepheline	   0.37	   2.77	   -­‐1.15	   Zheng	  (1993a)	   -­‐	   Theoretical	  -­‐	  Modified	  Increment	  Method	  
Hornblende	   0.59	   3.80	   -­‐1.59	   Zheng	  (1993b)	   -­‐	   Theoretical	  -­‐	  Modified	  Increment	  Method	  
Pargasite	   0.71	   4.22	   -­‐1.77	   Zheng	  (1993b)	   -­‐	   Theoretical	  -­‐	  Modified	  Increment	  Method	  
Phlogopite	   2.16	   -­‐	   -­‐	   Summarized	  by	  Chacko	  et	  al.,	  (2001).	  Based	  on	  data	  by	  Chacko	  et	  al.,	  (1996).	   650-­‐800	   Direct	  exchange	  experiments.	  
Apatite	   2.51	   -­‐	   -­‐	   Fortier	  &	  Lüttge	  (1995)	   350-­‐800	   Direct	  exchange	  experiments.	  
Zircon	   2.64	   -­‐	   -­‐	   Valley	  et	  al.,	  (2003)	   -­‐	   Empirical.	  Based	  on	  Natural	  Samples.	  
Almandine	   2.71	   -­‐	   -­‐	   Valley	  et	  al.,	  (2003)	   -­‐	   Empirical.	  Based	  on	  Natural	  Samples.	  
Grossular	   3.03	   -­‐	   -­‐	   Valley	  et	  al.,	  (2003)	   -­‐	   Empirical.	  Based	  on	  Natural	  Samples.	  
Diopside	   2.75	   -­‐	   -­‐	   Summarized	  by	  Chacko	  et	  al.,	  (2001).	  Based	  on	  data	  of	  Chiba	  et	  al.,	  (1989).	   600-­‐1200	   Direct	  exchange	  experiments.	  
Enstatite	   0.51	   3.45	   -­‐1.44	   Zheng	  (1993a)	   -­‐	   Theoretical	  -­‐	  Modified	  Increment	  Method	  
Forsterite	   3.67	   -­‐	   -­‐	   Summarized	  by	  Chacko	  et	  al.,	  (2001).	  Based	  on	  data	  of	  Chiba	  et	  al.,	  (1989).	   700-­‐1300	   Direct	  exchange	  experiments.	  
Spinel	   2.06	   10.04	   -­‐5.38	   Zheng	  (1991)	   0-­‐1200	   Theoretical	  -­‐	  Modified	  Increment	  Method	  
Rutile	   4.69	   -­‐	   -­‐	   Summarized	  by	  Chacko	  et	  al.,	  (2001).	  Based	  on	  data	  of	  Chacko	  et	  al.,	  (1996).	   800-­‐1000	   Direct	  exchange	  experiments.	  
Ilmenite	   1.36	   8.61	   -­‐4.57	   Zheng	  (1991)	   0-­‐1200	   Theoretical	  -­‐	  Modified	  Increment	  Method	  
Magnetite	   6.29	   -­‐	   -­‐	   Summarized	  by	  Chacko	  et	  al.,	  (2001).	  Based	  on	  data	  of	  Chiba	  et	  al.,	  (1989).	   800-­‐1200	   Direct	  exchange	  experiments.	  
*	  ΔQtz-­‐B	  ≈	  1000*ln(αQtz-­‐B))	  =	  10
6(A/T2)	  +	  103(B/T)+C	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Figure	A.4:	Zircon	cathodoluminescence	(CL)	images	with	SIMS	spot	locations	
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Figure	A.5:	Comparison	of	equilibrium	melt	temperatures,	Mg#,	and	SiO2	contents	used	for	calculating	mineral-melt	fractionation	
factors	for	the	Dariv	Igneous	Complex	to	experimentally	constrained	SiO2-T-Mg#	relationships.	Experimental	glass	compositions	
from	Esperanca	and	Holloway,	1987	(EH87)	and	Righter	&	Carmichael,	1996	(RC96)	are	shown	in	colored	symbols	and	connected	
by	dashed	lines.	Solid	and	open	black	and	white	symbols	indicate	equilibrium	melt	compositions	used	for	both	cumulate	and	liquid	
like	samples	from	the	Dariv	Igneous	Complex.	Sample	names	are	indicated	next	to	the	symbols.	Sample	MO-11-16	(felsic	dike)	is	
omitted	for	clarity.	The	0.16	GPa	experiments	of	R&C96	are	used	to	calculate	equilibrium	melt	compositions	for	the	cumulate	
samples	(except	for	the	most	mafic	and	most	evolved	samples),	and	hence	the	equilibrium	melt	compositions	fall	on	the	dashed	
trajectory	of	the	experimental	system.	The	Mg#	and	SiO2	of	the	liquid-like	samples	from	the	Dariv	Igneous	Complex	are	based	on	
whole	rock	analyses	and	only	the	temperatures	are	extracted	from	the	experimental	systems.	Note	the	similarity	in	composition	
of	the	liquid-like	samples	in	Mg#-SiO2	space	to	that	of	the	experimental	trends.	A)	T	(ºC)	versus	SiO2,	B)	Mg#	of	glass	or	equilibrium	
melt	versus	SiO2.	
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